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(54) AQUEOUS UQUID PREPARATIONS 

(57) Aqueous liquid preparations containing gati- 
floxacin (chemical name: (±)-1-cyclopropyl-6-fluoro-1,4- 
dihydro-8-methoxy-7-(3-methyl- 1 -pipera2inyl)-4-cxo- 
quinolinecaftx>xylic acid) or its salt and sodium edetate; 
and a method for enhancing the corneal perme^ity of 
gatif bxacia a method for preventing crystallizatkm of 
gatifbxacin and a method for preventing coloration of 
gatif bxacin each by blending gatifkixadn or its salt with 
sodium edetate. 
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Descripti n 

FIELD OF THE INVENTION 

5 [0001] The present invertlion relates to an aqueous liquid phamiaceutical composition comprising as a main com- 
ponent a qunolone caitxwylic acid derivativep Galinoxacin (chenical nomenclature: (±)-1 -cydoprcpyI-64luoro-1 .4-dihy- 
dro-8HTiethoxy-7-(3HTiethyl-1-pipera2inyl)-4-oxo-3-quinoline cartwxyfic add). Further, the present Invention relates to a 
method for raising corneal pemieatwTity of Gatifloj®cin. a method for preventing precipitation of Gatifloxacin crystals, 
and a method for preventing coloration of Gatifloxacin. 

10 

BACKGROUND OF THE INVENTION 

[0002] Gatifloxacin is a new quinolone antimicrobia! agent which Is recognized to exhtoit a strong antimicrobial 

activity agidnst not only Gram-negative t>acteria but also Gram^xisitive bacteria, anaerot)es and mycoplasmas. Then, 

75 it has been proposed to apply it to ophthalmological infectious diseases such as conjunctivitis^ dacryocystitis, horde- 
olum etc. and otorhinological infectious diseases such as otitis externa, otitis mecfia. sinusitis etc (see JP-B 8-9597). 
[0003] For designing a pharmaceutical preparation in the form of eye drops containing an antimicrobial agent an 
index is to raise corneal permeability of the agent to increase tiie amount of the ^ent to transfer to aqueous humor. 
However, in general, the agent applied to eyes can scarcdy pass into in^e of the eyes t>ecause of dtution with tears 

20 and the barrier function of corneas. Then, as a metfiod of improving corneal permeabSfy of the agent, a m^hod using 
an absorption enhancer has been proposed. In addition, a method using a viscous base material has been proposed 
to increase tiie agent-retentivity aft the anterior ocular segment 

OBJECTS OF THE INVENTION 

25 

[0004] With regard to Gatifloxacin. although its application to ophthalmological or otoriiindogical infectious dis- 
eases has been proposed, ttiere is no report about a stody of an aqueous liquid pharmaceutical composition thereof for 
topical administration, which can be actually applied to eyes, for example, its passing into inside of eyes, stability, etc. 
[0005] In view of these circumstances, an object of ttie present invention is to permit actual application of Gati- 
30 f loxadn in ophthalmological or otorhinological field, in particular, to provide an aqueous liquid pharmaceutical compo- 
sition comprising as an effective component Gatiffoxadn. 

SUM^MRY OF THE INVENTION 

35 [0006] The present inventors have intensively studied to apply Gatiffoxadn in opWhalnwIogical field and. conse- 
quentiy, have found that this objective can be achieved by coexistence of Gatif loxadn witti cfisodium edelate. 
[0007] DisocBum edetate is considered to lower the caldum concentration in corneal ^ittielium cells and expand- 
ing intercellular spaces, ther^ accelerating passing of a water-sdutrfe medicament into inside of eyes. However, a 
rise in corneal permeat>i!ity of a medicament depends on a concentration of disocfium edetate (Journal of Pharmaceu- 

40 tical Sdence. ZZ*. 3-14, 1988) and. nomially, at present, disodium edetate should be used at a hi^ concentration as 
much as 0.5% (Investigative Ophthalmology & Visual Sdence. 26: 110-113. 1985; Experimental Eye Research. 54: 
747-757, 1992: Pharmaceutical Research. 12: 1146-1150). Neverttieless. the present inventors have found that cor- 
neal permeabifity of Gatiffoxadn can be improved at a lower concentration of disodium edetate. 
[0008] Further, it has been known that the solubility of Gatiffoxadn depends on pH and its solubility at about phys- 

45 idogical pH is very low. Then, in order to dissolve a suff ident amount of Gatif loxadn in an aqueous liquid pharmaceu- 
tical composition, pH of tiie composition should be adjusted to an addc or alkaline range, which causes a problem such 
as irritation upon topical administration. However, the present inventors also have found that the solubility of Gati- 
f loxadn at about physiological pH is improved by coexistence thereof witii disocfium edetate. 
[0009] The present invention has been completed based on these present inventors* novel f indngs and. according 

so to the present invention, there is provided an aqueous liquid phamiaceutical composition which conr^ises Gatifloxacin 
or its salt and disodium edetate. In partioiar. the aqueous fiquid pharmaceutical composition of the present invention 
is an aqueous solution containing Gatiflaxadn or its salt and disodium edetate. 

[001 0] Further, the present invention provides a metiiod for raising corneal permeability of Gatifloxacin which com- 
prises incorporating disodium edetate into ^e drops containing Gatif loxadn or its salt a metfiod for preventing predp- 
55 itation oi (Batifloxadn crystals which conrprises incorporating disodium edetate into an aqueous liquid preparation 
containing (Batif toxadn or its salt; and a method for preventing cotoration of Gatif kacadn which comprises incorporating 
disodium edetate into an aqueous liquid preparation containing Gatifloxadn or its salt. 

[0011] This object as well as other objects and advantages of ttie present invention will become apparent to tiiose 
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skilled in the art from the following descriplion. 

DETAILED DESCRIPTION OF THE INVENTION 

5 [001 2] In the present invention, Gatif laxacin or its salt is used as the effective conrponent. Exarnples of the salt of 
Gatifloxacin used in the present invention include those with inaganic acids such as hydrochloric acid, sulfuric add. 
phosphoric add. etc.; those with organic adds such as metfianesuHbnic add. lactic acid, oxalic add. acetic add. etc.; 
or those with sodium, potassium, magnesium, caldum. aluminum, cerium, chromium, cobalt copper, iron. zinc, plati- 
num, silver, etc. 

10 [001 3] Nonmlly. the amount of Gatrf loxadn or its salt (hereinafter sometimes simply referred to as "Gatif loxadn") 
to be fonnulated in the aqueous liquid pharmaceutical composition of the present invention is varied according to the 
degree of infection of a particular sut>iect. but normally. Gatifloxadn is formulated within the range of 0.1 to 1.0 wA/%, 
preferably p,.l to 0.8 wAr%. more preferably 0.3 to 0.5 w/v%. 

[0014] Normally, disodium edetate is formulated in an amount of 0.001 to 0.2 wA^, preferably 0.005 to 0.1 w/V%. 
75 mae preferat)ly 0.01 to 0.1 w/v%. 

[0015] Normally, the aqueous liquid pharmaceutical oonposttion of the present invention is adjusted to pH 5 to 8. 
preferably pH 5.5 to 7.5. more preferat^ly pH 6 to 7. 

[0016] If necessary, the aqueous liquid phamnaceutical composition of the present invention may firther contain 
appropriate additives. fDr example, an isotonic agent (e.g.. sodum chloride, potassium chloride. tx>ric add. glycerin, 

so propylene glycol, mannitol. sork>itol. glucose etc.); a buffer solution (ag., phosphat^buffer solution, acetate butter solu- 
tion. borate Ixiffer solution, citrate kxiffer solution, glutamic add. e 'aminocapronic add. etc.); a presen/ative (e.g.. ben- 
zalkonium chloride, benzethonium chloride, chloriiexkiine glLXX>nate. chlorotxJtanol. benzyl alcofiol. sodium 
dehydroacetale. p-hydroxybenzoate. etc.), a thickening agent (e.g., methylcellulose. hydroxyethyl cellulose, hydroxy- 
propyl methylcellulose. carboxymethylcellulose, sodium hyaluronate. cartx>xyvinyi polymer, polyvinyl alcohol, polyvir^ 

25 pynrdidone, Macrogol (polyethylene glycol), etc.), a pH adjusting agent (ag.. hydrochloric add. sodium hydroxide, ace- 
tic add. phosphoric add. etc.). and the like. 

[001 7] The aqueous liquid pharmaceutical composition of the present invention can be produced by a per se known 
method. For example, it can be produced by the process deserved in the section of "Ophthalmic Solutions" or "Liquids 
and Solutions*. General Rules for Preparations. The Japanese Pharmacopoeia Tftirteenth Edition. 

30 [0018] The aqueous liqud pharmaceutical composition of the present invention has antimicrobial activity and can 
be used for prophylaxis and therapy of blepharitis, hordeolum, dacryocystitis, conjunctivitis, tarsitis, keratitis, corneal 
ulcer, postoperative infection, and the like. For this purpose, the composition can be instilled in tiie eye about three 
times a day at a dosage of one drop per once. For otitis externa or otitis media, normally, the composition can be 
instilled in the ear twice a day at a dosage of 6 to 1 0 drops per once. Further, for sinusitis, normally, tfie composition can 

35 be sprayed and inhaled three times every other day in a week at a dosage of 2 to 4 n^ per once, or can be adnunistered 
in the maxiflary sinus once a week at a dosage of 1 ml per once. The dosage can be inaeased or deaeased according 
to the degree of a particular disease condition. 

[001 9] The present invention will be furtiier Dlustrated by the following experiments and examples, but the present 
invention is not limited thereta 

40 

Experiment 1 

Effect of disocfium edetate on transfer of Gatifloxacin to aqueous humor 
45 Method 

[0020] According to the formulations of Tafcrfe 1 . eye drops of GatHloxacin were prepared (formulations A-C). Each 
of the eye drops (50 pl/eye) was instilled once in the eyes of male Japanese albino rabbits (body weight: about 2 kg). 
At one hour after the instillation, the aqueous huma was collected and the Gatif foxadn concentration was detemnined 
so by HPLC. 



Table 1 



Formulations 


A 


B 


C 


Gatiffoxadn 


0.5 g 


0.5 g 


0.5 g 


Disodium edetate 






0.05 g 
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Table 1 (continued) 



Formulations 


A 


B 


C 


Sodium chlorkJe 


0.99 


0.9 g 


0.9 g 


Hydrochloric acid 


as. 


q.s. 


qs. 


Sodium hydroxide 


q.a 


q.s. 


q.s. 


Sterilized ptffified water 


to total 100 ml 


to total 100 ml 


tototailOOml 


pH 


7.0 


6.0 


6.0 



Results 

[0021] The concentration of Qatffloxacin in the aqueous humor at one hour after the Instiilation is shown in Table 2. 
15 [0022] When pH dropped, the amount of Qalifloxacin transferred to the aqueous humor decreased. For the formu- 
latbn ac^usled to pH 6.0 (formulation C), the amount of Qatiftoxacin transffenred to the aqueous humor increased bjf 
about 1 .2 times and 1 .5 times as much as those of the formulations A (pH 7.0) and B (pH 6.0) which were used as con- 
trols, respectively. 

[0023] Since the concentration of disodium edetate normafly used for raising corneal permeability is 0.5 w/v%, 
20 these results show that corneal permeability of Gatifioxacin has been improved even bousing disodium edetate in 1/1 0 
amount as much as that normally used. 



Table 2 



Formulations 


Gatifioxacin concentra- 
tion in aqueous humor 
(figMiI) 


A 


1.6110.43 


B 


1.3010.42 


C 


1.9310.95 



Experiment 2 

35 

Effect of disodium edetate on precipitation of Gatifioxacin crystals 
Method 

40 [0024] According to the formulations of Table 3. aqueous liquid preparations of Gatifioxacin were prepared (famu- 
lations B-D). Each solution was filled in 5 ml glass ampoules. The ampoules were subjected to fireezing at -30*^ (over- 
night) and then thawing at room temperature repeatedly to obsen/e predpitation of Gatifioxacin crystals. 



Table 3 



Formulations 


B 


C 


D 


Gatifioxacin 


0.5 g 


0.5 g 


0.5 g 


Disodium edetate 




0.05 g 


0.1 g 


Sodium chloride 


0.9 g 


0.9 g 


0.9 g 


hlydrochloric add 


qs. 


qs. 


qs. 


Sodium hydroxide 


qs. 


q.s. 


q.s. 


Sterilized purified water 


to total 100 ml 


to total 100 ml 


tototailOOml 


pH 


6.0 


6.0 


6.0 
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Results 

[0025] bi the formulation In which disodium edetate was not forniutated (formulation B), aystals were precipitated 
when freezing and thawing were repeated twice to three times. On the other hand, when disodium edetate was formu- 
5 lated (fomrulations C and D), no prec^itation of crystals was recognized e/en when freezing and tfiawing were 
repeated ten times. 

[0026] These results show that precipitation of Gatifloxadn crystals under storage conditions at a low temperature 
is prevented by formulating disodium edetate in an aqueous fiquid preparation of Gatifloxacin. 

10 Experiments 

Effect of disocfium edetate on preventing coloration of Gatifloxacin 

Method 

[0027] Socfium chloride (0.86 g) and 0.1 mol/liter hydrochloric acid (5.2 ml) were added to sterilized purif ied water 
(80 ml) In a stainless steel (SUS316) beaker of 8 cm dameter and the mixture was stirred. Then. Gatifloxacin (0.32 g) 
and disodium edetate (at a final concentration of 0%, 0.001%. 0.005%. 0.01% or 0.05%) were added thereto and dis- 
solved therein. The solution was adjusted to pH 6.5 with 0.1 mot/liter sodium hydroxide and the total volume was made 
20 up to 100 ml to obtain an aqueous liquid preparation of Gatifloxacin. A color difference between the aqueous liquid prep- 
aration and sterilized purified water was determined with a (fifferential colorimeter (Chroma meter CT-210C manufac- 
tured by Minolta, light source Lab table system). As a control, an aqueous liquid preparation of Gatif toxacin prepared in 
a glass beaker was used. 

25 Results 

[0028] The color difference determined is shown in Table 4. 

[0029] The ^ueous liquid preparatfon prepared in the glass beaker and used as the control had the color differ- 
ence of 1 .9 to 2.0 and a pale yellow cofor. On the other hand, the aqueous liquid preparation pr^^ared in the stainless 
30 steel beaker had tiie cofor difference of 3. 1 7 in case that disodium edetate was not added and 2.42 in case that 0.01% 
of disodium edetate was added. They had a light yelfow color and a pate yellow color, respectively Thus, they were dis- 
cotored by formulating disodium edetate. 

[0030] In view of these results, it is considered that Gatif foxacin is colored by the metal ion dissolved in the prepa- 
ration from the stainless steel t>eaker. Further, these results show that addition of disodium edetate can prevent color- 
35 atfon of Gatiffoxadn. 



Table 4 



40 



Concentration of diso- 
dium edetate (%) 


Color Difference 




Stainless Steel Beaker 


Glass Beaker 


0 


3.17 


1.90 


0.001 


3.08 


1.93 


0.005 


3.05 


2.02 


0.01 


2.42 


1.94 


0.05 


2.19 


1.93 



so 

Example 1 

[0031] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
55 the following formulation was prepared. 
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Ingredients 


Amount 


Gatiflaxacari 


0.5 g 


Disodum edetate 


0.1 g 


Sodium chloiide 


0.9 g 


Hydrcx;hloric add 


q.s. 


Sodium hydroxide 


q.s. 


Sterilized purified water 


up to 100 ml 


pH 


7.0 



Example 2 

[0032] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
20 the foilowing formulation was prepared. ^ 



Ingredients 


Amount 


Gatifloxacin 


0.5 g 


Disodium edetate 


0.05 g 


Sodium chloride 


0.9 g 


Hydrochlaic acid 


q.s. 


SocGum hydroxide 


q.s. 


sterilized purffted water 


up to 100 ml 


pH 


7.0 



Examples 

[0033] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
AO the foilowing formulation was prepared. 



Ingredients 


Amount 


Gatifloxacin 


0.5 g 


Disodium edetate 


0.1 g 


Sodium dihydrogen phosphate 


0.1 g 


Sodium chloride 


0.9 g 


Hydrochloric acid 


q.s. 


Sodium hydroxide 


q-s. 


SterOized purified water 


uptolOOml 


pH 


7.0 
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Example 4 

[0034] AocorcBng to a conventiona] method, an aqueous solution for eye drops, ear drops and nasal drops having 
the foDowing formulation was prepared. 



bngredients 


Amount 


Gatifloxacin 


0.3 g 


Disodium edetate 


0.05 g 


Sodium chloride 


0.9 g 


Hydrochloric acid 


q.s. 


Sodium hydro3dde 


q.s. 


Sterilized purified water 


up to 100 ml 


PH 


6.0 



Examples 

[0035] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
the following fonralation was prepared. 



Ingredients 


Amount 


Gatifloxacin 


0.5 g 


Sodium edetate 


0.01 g 


Glycerin 


2.6 g 


BenzaOomium chloride 


0.005 g 


Hydrochloric add 


q.s. 


Sodium hydroxide 


q.s. 


Sterilized purified water 


up to 100 ml 


pH 


7.5 



Example 6 



45 [0036] AccortBng to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
the foflcwing formulation was prepared. 



Ingredients 


AnxHjnt 


Gatifloxacin 


0-5 g 


Sodium edetate 


0.05 g 


Sodium chloride 


0.9 g 


Hydrochloric add 


q.s. 


Socfium hydroxide 


q.s. 



7 



EP1025846A1 

(continued) 



Ingredients 


Amount 


Sterilized purified water 
PH 


ip to 100 ml 
5.5 



Exannple7 

[0037] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
the fbUowing formulation was prepared. 



Ingredients 


Amount 


Gatrfloxacin 


0.3 g 


DisocGum edetate 


0.05 g 


Sodium chloride 


0.9 g 


Hydroxypropylnrathyl cellulose 


0.1 g 


Methyl p-hydroxybenzoate 


0.026 g 


Propyl p-hydroxyt)enzoate 


0.014 g 


Hydrochloric add 


q.s. 


Sodium hydroxide 


qs. 


Steraized purified water 


up to 100 ml 


pH 


6.0 



Exanrpled 

[0038] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
the follcwing fbnnulation was prepared. 



Ingredients 


Amount 


GatiflQxactn 


0.5 g 


Disodium edetate 


0.01 g 


Sodium diloride 


0.83 g 


Benzalkonium chloride 


0.005 g 


Hydrochloric add 


q.s. 


Sodium hydroxide 


q.s. 


Sterilized purified water 


If) to 100 ml 


pH 


5.5 



Examples 

[0039] According to a conventional method, an aqueous solution for eye drops, ear drops and nasal drops having 
the fdlowing formulation was prepared. 
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InQredtents 


Amoimt 


Qatiflaxadn 


0.3 g 


Dteodum edetate 


0.01 g 


Sodium chloride 


0.86 g 


Benzalkonium chloride 


0.005 g 


Hydrochloric acid 


q.s. 


Sodium hydroxide 


q.s. 


Sterilized purified water 


ipto 100 ml 


PH 


6-0 



[0040] As shown in Experiment 1, aocorcfing to the eye drops of the present invention, corneal permeak>ility of the 
effective component. Gatifloxadn, can t>e improved even by using disodium edetate in 1/10 amount as much as that 
20 normally used. Further, as shown in Experiment 2. the aqueous liquid preparation jaf the present invention can prevent 
precipitation of GatifloKacm crystals under storage conditions as a low temperature. Furthermore, as shown In Experi- 
ment 3, coloration of Gatifloxadn by a metal ion can l^e presented. Thus, the aqueous liquid preparation of the present 
invention is very useful. 

25 Claims 

1. An aqueous fiqiid pharmaceutical composition which comprises Gatifloxadn or Hs salt and dsodium edetata 

2. The aqueous liquid pharmaceutical composition according to daim 1 , wherein pH of the composition is within the 
30 rangeofStoS. 

3. The aqueous fiquid phamiaceutical composition according to daim 1 or 2. where the composition is in the form of 

eye drops. 

35 4. TTie aqueous liquid phamiaceutical composition according to daim 1 or 2. where the composition is in the form of 
eardrops. 

5. The aqueous liquid pharmaceuticai composition according to daim 1 or 2, where the composition Is in the form of 
nasal drops. 

40 

6. A method for raising corneal pemneability of Gatifloxadn which comprises incorporating disodium edetate into ^e 
drops containing Gatrf kncadn or its salt 

7. A metfiod for preventing precipitation of Gatif bxadn crystals which comprises incorporating disodium edetate into 
45 an aqueous liquid preparation containing Gatifloxadn or its salt. 

8. A metfxxf for preventing coloration of Gatifloxadn which comprises incorporating cfisodium ed^te into an aqueous 
liquid preparation containing Gatif bxacin or its salt 

so 



55 
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